The aim of this study was to retrospectively evaluate and analyze the brain magnetic resonance imaging (B-MRI) findings of patients with a favorable neurological outcome following cerebral performance category (CPC) after out-of-hospital cardiac arrest (OHCA) at single university hospital emergency center. Methods: Patients with return of spontaneous circulation (> 24 h) after OHCA who were older than 16 years of age and who had been admitted to the emergency intensive care unit (EICU) for over a 57-month period between July 2007 and March 2012 and survived with a favorable neurological outcome were enrolled. B-MRI was taken after recovery of their mental status. Results: Fifty-two patients among the 305 admitted patients had a good CPC, and 33 patients' B-MRI were analyzed (CPC 1: 26 patients, CPC 2: 7 patients). Among these, 18 (54.5%) patients had a normal finding on B-MRI. On the other hand, ischemia/infarction/microangiopathy compatible with hypoxic-ischemic encephalopathy (HIE) were found on various brain areas including subcortical white matter (7/13), cerebral cortex, central semiovlae, basal ganglia, putamen, periventricular white matter, and cerebellum. Conclusions: Survivors with a favorable neurological outcome from OHCA showed HIE on B-MRI, especially all of the patients with a CPC 2. More detail neurologic category including brain imaging would be needed to categorize patients with favorable outcome after OHCA.
Introduction
Out-of-hospital cardiac arrest (OHCA) is fatal thus is a major global health concern. There were approximately OHCA cases in the U.S. in 2008, [1] and the standardized incidence rates in South Korea in 2006 and 2007 were 20.9 and 22.2 per 100,000, respectively. [2] The survival discharge rate was extremely low (3.5%) for the resuscitation-attempted group, and only 1.1% of all the patients had a favorable neurological outcome (cerebral performance category [CPC] 1-2). [2] Cardiac arrest results in global cerebral ischemia as well as hypoxic-ischemic encephalopathy (HIE) even for patients with a good CPC.
The neuropsychological sequelae of HIE are memory disturbances, amnesia, insomnia, change of personality and behavior, visual deficit, language skills, and so on. [3] But there were few studies about HIE of patients with a favorable outcome.
Roine et al [4] reported that 60% of patients that had survived from arrest had severe cognitive deficits at 3 months and 48% at 12 months after insult.
The aim of this study was to retrospectively evaluate and analyze the brain magnetic resonance imaging (B-MRI) findcc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
Materials and Methods

1) Study population
The study institution was a 1,600-bed university hospital with an annual emergency intensive care unit (EICU) census of 1,000. This was a retrospective study of patients with 
Results
During the study period, a total of 402,607 patients visited our emergency department; 1,145 patients received cardiopulmonary resuscitation, 305 patients were admitted to the EICU and received post cardiac arrest care, 226 patients survived, 52 patients had a good CPC, and 33 had a B-MRI (CPC 1: 26 patients, CPC 2: 7 patients) (Fig. 1) . Two patients were excluded due to not having received TH, and 17 patients were excluded due to not having taken B-MRI after recovery of mental status. Therefore, a total of 33 B-MRI findings were analyzed in the present study. Table 1 shows the basal characteristics of the patients and Table 2 shows the variables statistically significant related to good CPC.
The average time from arrest to undergoing B-MRI was 11.63 (± 9.00) days (≤ 5 days: 5 cases, > 6 days: 28 cases, acute or subacute period). Among these, 18 (54.5%) patients had a normal finding on B-MRI and all of those patients had a CPC 1. In the patients with abnormal B-MRI findings, ischemia/infarction/microangiopathy compatible with HIE were found in various brain areas. The most common injured area was subcortical white matter (7/13) in our study.
Other injured areas were the cerebral cortex, centrum semiovale, basal ganglia, putamen, periventricular white matter, and cerebellum (Table 3) . Underlying abnormalities were diffuse brain atrophy and microangiopathy. The typical findings of HIE on B-MRI were well seen on T2 weighted imaging and fluid attenuated inversion recovery (FLAIR) with increased signal intensity (Fig. 2) . One patient with a CPC 2 showed HIE on B-MRI with a high signal change in T2 weighted imaging and FLAIR along the cortex and still had remaining HIE on follow-up imaging at six months after arrest (Fig. 3) . He suffered from visual disturbances but did 
Discussion
Many efforts have been made to overcome the complications of cardiac arrest. The only method proven to improve the neurological outcome after cardiac arrest is TH. [5, 6] For this reason, TH is recommended to patients with spontaneous return of circulation after cardiac arrest in 2010 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. [7] As mentioned earlier, the survival discharge rate was extremely low (3.5%) for the resuscitation-attempted group, and only 1.1% of patients had a favorable neurological outcome. [2] Among the patients with a good CPC, HIE could be seen on B-MRI and could have been suffered from various neurological disturbances.
Cortical lesion pattern represents bilateral and symmetrical gyriform involvement through increased signals on T2
weighted imaging and FLAIR. The underlying mechanism of this cortical lesion is suggested to be cortical laminar necrosis. [8] Microvacuolation, which is suggested as the initial phase of cortical laminar necrosis, may reflect the high sensitivity of diffuse weighted imaging through diffusion restriction. [9] Usually physicians check diffusion weighted imaging of brain immediately after cardiac arrest because it takes shorter time to check and could check more briefly in emergency department. Arbelaez et al [10] reported that during the acute period (<24 hours), high-strength diffusionweighted images showed the abnormal basal ganglia, cerebellum, and cortex to a better extent than did conventional MR images. Els et al [11] reported that pathologic diffusion weighted brain imaging during early phase after cerebral hypoxia might be superior to conventional MRI as a predictor of a worse clinical outcome. Diffusion weighted imaging would be better during early stage after hypoxia to predict worse outcome. But in this study, we analyzed conventional MRI during early to subacute state after hypoxia of patients with good outcome.
In the acute period, the cerebral cortex is usually affected in isolation. Involvement of the thalamus, basal ganglia and cerebellum in addition to the cerebral cortex is more frequently seen in scans obtained later cardiac arrest. Survivors with a favorable neurological outcome from OHCA could show HIE on B-MRI, especially all of the patients with a CPC 2. More detail neurologic category applied brain imaging would be needed to categorize patients with favorable outcome after OHCA and physicians do rehabilitation more actively to these patients.
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